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B paGoTe MPOBOAMTCS aHAIM3 MPOTEUKH PAIMOHYKIHAA a30Ta '°N,, BO3HMKAIOMIEro B 1-oM
KoHType peakropa KJIT-40, KoTOpeIii HCHONB3yeTcs Ha OOBEKTaX MOPCKOTO TPaHCHOPTa
Pa3NUYHOTO Ha3HAYCHHs, uepe3 IIaporeHepaTop SIEpPHOrO0 peaKkTopa BO BTOPOH KOHTYp, B
KOTOPBIM MOCTyIaeT Boja IOJ JAaBleHueM P,, ¢ Temmeparypoit 7, >> 100 °C. PaguoakTHBHBIH
a30T pacIpocTpaHsercsl B MapoBoi (asze u Mo CnupajbHOMY NMapoNpoOBOY BBIXOIHUT HA TypOUHY
MOJ BBICOKUM JaBjieHHeM P, co3maBasi HeONarompusTHbE, C TOYKH 3pPEHHs paJualliOHHOM
6e3omacHoctH, ycnoBus. CoaepikaHue yKa3aHHOTO PaUOHYKIHMJA B Iape MOKHO OOHApYKUTh U
OLICHUTh METOAAMH Y-CHEKTPOMETPHU M JO3UMETPUH, U3Mepsisi 0ObEMHYIO Y-aKTHBHOCTH Iapa H
MOIITHOCTH J103bl Y-M3Iy4eHHs, PU BBIXOJIC Mapa Ha TypOuHy. AHamu3 HaOmomaemoro 3¢ ¢exra
MPOTEYKU OCYIIECTBISICS Ha OCHOBE HCIIOJIb30BAHUS HECIOKHON (DU3UKO-MaTeMaTHYeCKOM
MOJICTIH, YUIWTHIBAIOICH INEPEHOC BOAHOMW, IMAapoBOM Cpel M IEpPEeHOC PagMOaKTHBHOTO a30Ta B
nmapoBoi (aze, YTO MO3BOMWIO YKa3aTb MNPHYMHY M ONPENCTUTh O00NacTb NPOTEUYKH Ha
CIHPATBHOM HapoNpOBOJIE, KOTOPas ONPEAENIIACh U3 YCIOBHUS PAaBEHCTBA AABICHUH Mapa M BOJIBI
B MapompoBoae. B pabore yka3bIBaloTCs OCHOBHBIC OOJIACTHM KOHCTPYKLHUH ITapOTEHEPATOpa,
TIO3BOJISIOIIHE TTPOBECTH M3MEPEHUsI paIMalliOHHBIX XapaKTEPUCTUK, M HEOOXOJUMOE PHOOpHOE
000pyIOBaHNE, YUNTHIBAIONIEE B CBOMX ITOKa3aHUAX (U3MUECKHE OCOOEHHOCTH Cpell, B KOTOPBIX
OyneT paboTaTh 3TO 000OpPYyIOBaHUE.

Kniouegvie cnosa: »HepreTMUecKMi peakTop, paJUOHYKIUA, MapOTeHepaTop, IaBICHUE
TeMIIepaTypa, MOLIHOCTb JI03bl, paJUalluOHHAast 0€30MaCHOCTb.
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[pu skcrutyatanuu peaktopos cepun KJIT-40" u psina Qpyrux Bog0-BOASHBIX SAEPHBIX
pPEaKkTOpoB B COOTBETCTBUU C PErJIaMEHTOM I10 pPaJUallMOHHON 0e30macHOCTH SAEpPHBIX
KOpaOenbHBIX YCTAHOBOK, & UMEHHO, B IOMEIIEHNU TypOOTreHEpaTOPHOr0 MAallIMHHOTO 3a1a B
YCIIOBUAX HOPMAaJbHOH 3KCITyaTallud KOHTPOJIMPYEeMOro o0beKkTa (TypOMHBI) U B YCIOBHSIX
MOBBIIICHHON paJuallMOHHON 00CTaHOBKU, Habmogancsa 3p¢GeKT BbIXoAa PaiuOHYKIUIOB U3
MEPBOro KOHTypa BO BTOpoH. IOTOT 3(ddexT, MOoIyduBIIMM B JajJbHEHIIEeM Ha3BaHUE
«IIPOTEUKW», paccMarpuBaiics B paborax [1-3], B KOTOPEIX Obula TpeUIoKeHa MOJeNb U
METOIMKA JMATHOCTHKM TPOTEYKH pagmonykmumos - I **Na, YK, "N; u ap. wus
TEIJIOHOCHUTENIS NEPBOr0 KOHTYypa B KOTJIOBYK Boay maporeHepatopa ADC ¢ peakropamu
BB3OP-440 u BBOP-1000. ®usnyeckuii CMbICI MOAEIN U METOJUKH COCTOUT B OLICHKE
IIPOHUKHOBEHUS YKAa3aHHBIX PaJUOHYKIMIOB B KOTJIOBYIO BOJY IaporeHepaTropa BTOPOTO
KOHTYpa U CTENEeHH MX HakoImieHUs. Mojenb mpeaycMaTpUBaeT €CTECTBEHHYIO JHMHEHHYIO
3aBHCUMOCTh OOBEMHOW aKTUBHOCTH YKa3aHHBIX PAJUOHYKIUAOB OT MOIIHOCTH peakTopa.
OnpeneneHue HAKOIUIEHHOM AaKTMBHOCTM YKa3aHHBIX paJAMOHYKIHJIOB KOTJIOBOW BOJBI

“KJIT-40 — BOJ10-BOJIAHOI siiepHBlii peakTop, paspaGoranubiii B OKBM nmenn U. Y. Adpukanrosa. Msrorasiusaics Ha Hikeropoackom
MAIIMHOCTPOUTENFHOM 3aBOJIe. YKa3aHHbIH THII peaKTOPOB IIHPOKO UCHONIB3YeTcs Ha JEeA0KOIaX U IIaBy4nx sHeproomokax (I1956).
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naporeHepaTopa  OCYIIECTBISZIOCH IyTEM  HM3MEpeHHs AaKTHMBHOCTH  (WIBTPOB, HO
paMOAKTHBHBI ra3, HapuMep, '*Ny GUIbTpaMu He 3a/[epXKUBACTCS M BBIXOAUT C IAPOM, a
M30TOITEI Hiofa octatores B Boje (6omnee ueM Ha 99%) [1]. HemocTaTok 3TOro MeToa COCTOUT
B TOM, 4TO B €0 PaMKax yJIaeTcs JIMIIb KOHCTaTUPOBATh HAJMYME MPOTEUKU IO AKTUBHOCTHU
M30TOIOB, OCEBINNX Ha (DUIBTPBI,  AKTHBHOCTH PaIHOAKTHBHOTO a30Ta N7 B [OMEICHHH
Mali3ajia Mpy BBIXOJE Mapa Ha TypOuHY. B jdydmiem ciiydae MOXHO OLIEHUTH IJIOTHOCTD
MOTOKA 7Y-KBAaHTOB, [-U3ITy4yeHUS U OOBEMHYIO AaKTHUBHOCTb PAJAMOHYKIWIA, HCIOIb3Ys
NOKa3aHUA CHUHTWUISIUOHHBIX  JTETEKTOpoB. B  yKka3aHHOM MeToje OTCYTCTBYET
BO3MOKHOCTh TMOJydeHUus uHPopMmaruu 00 objactu (Ha CHUPATBHOM IMapOIpPOBO/IE)
BO3HUKHOBEHHUS MPOTEUKH, JNUHAMUKHU €€ Pa3BUTHUS, KOTOpas OyleT, OYEBUAHO, JIMHEHUHO
3aBHCETh OT H3MEHEHHS MOIIHOCTH PEaKTopa, e Pa3sMepax i MOIHOCTH «BOpocay azora ‘*N;
U3 TEPBOTO KOHTYpa BO BTOpOi. OTCYTCTBHE 3TOW MH(POPMALUU HE AAE€T BO3MOXKHOCTH
OJIHO3HAYHO OTBETUTHh Ha BOIPOC, MO KAaKOH MPUYMHE MPOUCXOIUT MPOTEUKa; MPOBECTH
aHAJIN3 METaJla BOJO-TIAPOIIPOBOA; €ro (M3MKO-MEXaHHMYECKUX CBOMCTB M UX U3MCHEHUI
npu BozaercTBuM WM; WU3yduTh OCOOCHHOCTH CIOCOOCTBYIOIIME BO3HUKHOBEHHUIO
MUKPOTPEIIHNH, Yepe3 KOTOPbIE MPOUCXOIUT MPOTEUKa, C LENbI0 MPEA0TBPAIICHUs TOA00HBIX
3¢ dexToB; a Takke MPOTHO3WPOBAHME BEITUYMHBI MHTAJSIIMOHHON J03bI, KOTOPYIO MOXKET
MOJYYUTh TEPCOHAN, OOCITY)KMBAIOIIMK TapoOreHepaTop W TypOWHY, UYTO TPHBOJUT K
HapYIICHUIO TPeOOBaHNN HOPMATUBHBIX TOKYMEHTOB [4, 1. 3, 1. 3.1.6].

B cBsi3u ¢ 3TMM BakHOE 3HaUeHHE MpUOOpeTaeT pa3paboTka METO/Aa OLIEHKH IPOTEYEK,
B YAaCTHOCTH, pa3paboTKa KOPPEKTHON MOJIEH, TO3BOJISIONIEN HANTU NPUUYMHBI IPOTEUKH, €€
00J1aCTh B MMaporeHepaTope 1, TaKUM 00pa3oM, OTBETUTh HA MOCTABJICHHBIE BOTIPOCHI.

B paccMaTpMBacMOM METOAC OLEHKHM NPOTEYKH paJMOaKTHBHOTO asota °N; B
naporenepatop peaktopa KJIT-40 u3 mepBoro KoHTypa OOHApYKEHHBIH 3P(HEKT COCTOSUT B
TOM, 4TO CTPYS Mapa ImaporeHeparopa, MoCTyHaroIlero Ha Typouny, cojeprKaia paguoHyKIn
PaaMOAaKTUBHOIO a30Ta 15N, (T', = 7,11 ¢, ¢ sHepruen y-uznydeHus E,m.x = 6,134 MaB nu
KBAaHTOBBIM BBIXOJOM Vymax = 69%; sHeprusimu B-usiydenus Eg; = 4,288 MbB, u BEIX010M
B-uactun np; = 68%; Epp = 10,419 MaB, ng,= 26% ) (cM. puc.l), conep:kanue KOTOpOro B
nape CBUJETEIbCTBOBAIO O IMPU3HAKE HApPYUIEHUS TE€PMETUYHOCTH BOO-IApONpOBOAA
BTOpPOTO  KOHTypa  IaporeHeparopa M  ONpEAeNsIoch  MNyTEM  HCHOJIb30BaHUS
CUUHTWUISIUOHHBIX JeTekTopoB ¢ KpuctauioM Nal(Tl), B cuiy BbICOKON sHepruum y-f-
u3nydenus, no 3¢dexry odbpaszoBanus nap, NpH BbIXO/€ Napa Ha TypOuHY [5].

PaccMoTpuM  mpuHIMOMANBbHYIO  CXEMY  [aporeHepaTopa,  pPacloiararouierocs
BEPTUKAJIBHO Ha SIEPHON YCTaHOBKE, HA PUCYHKE | (9HEpreTHyeckre XapakTepUCTUKH Hapa
¥ BOJIbI IPUBOASTCA U3 paboT [1, 2]).
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Pucynok 1 — Mnmoctpanys npoTeyku paauoHyKINIa "N u3 MIEPBOTO KOHTYpa B MapOTPOBOJI BTOPOTO (a).

K pacuéTy mIoTHOCTH mapa p.(x) i 066éMHOI akTHBHOCTH ON(xX, 1) '°N B mapompoBoze naporexeparopa (6);
I, — mupuHa o6mactu nporeuky [[llustration of the leakage of '°N radionuclide from the first loop into the steam
line of the second (a). Calculating the steam density p,(x) and the volumetric activity Qu(x, 7) '°N in the steam
line of the steam generator (b); /,, - width of the leak area]
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18 EJIOXUWH u np.

Bo BTOpOIi KOHTYp MaporenepaTopa Mo BOAOMPOBOY MOCTYHNAET BOJAA MO JIaBJICHUEM
P; (neBas obnacts puc. 1 a), c Temnepatypoil 7, HarpeBaeTcsi ¢ 00pa3zoBaHUEM Mapa, BHIXO]
KOTOpOro uyepe3 N CHHUpPAIbHBIX NApONpPOBOJOB TOIO K€ BHYTPEHHErO JAMAaMeTpa
ocyliecTBiseTcs ¢ Temneparypoil T, Moj BBICOKMM JaBieHueM P, [6, 7]. B mpouecce
IIPOXO’KAECHUS BOJIBI 110 BOJAOIIPOBOAY B [TAPOr€HEPATOPE BOJA HArPEBAETCs 10 TEMIIEPATYPhI
HACBIIICHUS] Tapa IMpH COOTBETCTBYIOLIEM JaBJIIGHWH, UCHApsAeTCs Ha BHYTpPEHHEH
MOBEPXHOCTU TPYOOK MaporeHeparopa, cosfaBas >(QQEKTHBHYIO MOTPAHUYHYIO OO0JACTh
BOJIa-MIap M, HAKOHEIl, B BHJIE€ NIEPErPETOro mapa rnocrynaeTr Ha TypOuny. Takum oOpa3om, Ha
BXOJl TYpOUHBI TIOJJAETCSI TIap BBHICOKOTO JIABIICHUS, IEPETPETHI OTHOCUTEIBHO TEMITEPATYpPhI
HACBILIEHHS. 3aBUCUMOCTh TEMIIEPATyphbl KUIIEHUS BOJIbI (ITapooOpa3oBaHusi) OT €€ NaBICHUS
npuBeseHa B Tabmmue 1.

Tabnuna 1 — 3aBucumocTs Temneparypsl [ Temperature dependence]

P 4,°C P 1;,2C

klla. aTM. klla. aTM.

0,981 0,01 6,698 196,1 2,0 119,62
1,961 0,02 17.20 2452 2,5 126,79
3,923 0,05 28.64 2942 3,0 132,88
9,807 0,1 45,45 3923 4,0 142,92
19,61 0,2 59.67 490,3 5,0 151,11
29,42 0,3 68,68 588.4 6,0 158,08
39,23 0,4 75.42 686,5 7,0 164,17
49,03 0,5 80,86 784.5 8,0 169,61
58,84 0,6 85.45 882,6 9,0 174,53
68,65 0,7 89,45 980,7 10,0 179,04
78,45 0,8 92,99 1961 20,0 21138
88,26 0,9 96,18 2452 25,0 222.90
98,07 1,0 99,09 4903 50,0 262,70
101,3 1,033 100,00 9807 100,0 309,53
147,1 1,5 110,79 - - _

Hcnonb3yst CBOMCTBO BOJBI KaK HEC)KMMAEMOW KHIAKOCTA M YYUTBIBASl, YTO MPOLIECC
perynMpoBaHus Tapo-BOJAHOTO OanaHca B BOJO-TIAPONPOBOJE ABTOMATHU3UPOBAH, MYTEM
WCIIOJIb30BAaHUS OOpaTHOM CBSI3M, MPUXOJUM K BBIBOAY, 4YTO H30BITOK JaBJICHUS Iapa
MPUBEAET K HEKOTOPOMY CMELIEHHUIO BOJBI OTHOCHUTEJIBHO PABHOBECHOIO IIOJOXKEHUS B
MOTPaHUYHOM 001acTH BoIa-Tap, B KOTOPOH TeMIiepaTypa OyIeT U3MEHSITHCS B COOTBETCTBUH
C TEMIIEPATYPOH COOTBETCTBYIOLLEH CPEJIBI.

ABTOMaTHUYECKOE PETYJIUPOBAaHHE TIpollecca TMOAMUTKHA BOJOW IaporeHeparopa,
KOTOPOE OCYIIECTBIISIETCS] C TTOMOIIBIO MOCTYIIJIEHUS BOJbI U3 YPABHUTEIBHON UCTEPHBI [6],
MPUBEIET K TMOBBIIIEHUIO JaBJICHHUS BOABI B BOJOIPOBOJIEC U OOPATHOMY CMEIIEHUIO BOJBI B
MEepBOHAYANILHOE TOJOXKEHHEe. OTOT (IYKTYAlMOHHBI TIPOIECC OKOJIO HEKOTOPOTo
PABHOBECHOTO TOJIOKEHHUS B YKa3aHHON NMOTPaHUYHON 00J1acTH Map-Boja OyAeT MPOUCXOIUTh
C HEKOTOPOM YaCTOTOM.

Takum 00pa3om, B MOTPpaHUYHON OOJACTH HAa BOJO-TIAPOIMPOBOJIE OYIET MOCTOSHHO

- .
Takoii THI maporenepartopa xapaktepeH s peakropos KJIT-40 u 1pyrux Bogo-BOASHBIX SAEPHBIX PEaKTOPOB [6]
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U3MEHATHCS TeMIIepaTypHbIi pexkuM. [lociaennee aBToMaTHUECKH MPUBEAET K aHAIOTHYHOMY
M3MEHEHHUIO YaCTOThl MEXaHMUYECKHUX HaNpsDKeHUH BOJO-NAapoIpoBoja B 3TOi o0nactu,
MOCJEAYIOMEH YCTaJOCTH MeTalyla M K BEPOSTHOMY IOSIBJICHHIO MHUKPOTPELIMH, dYepe3
KOTOpBIE U3 IIEPBOTO KOHTYpPa BO BTOPOi MOJKET MIPOHUKATH PAJHOHYKINL N7, CO31aBas Tk
Ha3bIBAEMYIO NMPOTEUKY.

Jlis olleHKM paccMaTpUBA€MbIX BEJIUYMH B YCIOBHUSX CTAallMOHAPHOTO IIpoliecca,
HEOOXOAMMO 3HAHHE IJIOTHOCTU paclpeneeHuss BoJbl py(7), MOCTyMaIIe B BOAONPOBO]
naporeeparopa, Kak (YHKIUU TeMIlepaTypbl IpUH €€ TMepeHoce BAOJIb OCH X IO
BOJIOTIPOBOJY, TNIOTHOCTHU mapa py(7) Kak GyHKIMUU TEMIEpaTyphl WU PACCTOSHUS X IIPH €TO
MEPEeHOCe BJIOJIb OCH X MO MapornpoBoAy (cM. puc. 1 6) mpu CHOpsIMIIEHUU €ro CIUpalbHOMN
qyacTu JUIMHOM L ¢ BHyTpeHHUM paanycoM Rp=1,5-2,0 cM (0 < r < Ry). CenyeT OTMETUTb, YTO
XapakTep 3aBHUCHUMOCTH IUIOTHOCTU BOJbI U Mapa Kak (yHKIUI TeMmrepaTyphl CYIIECTBEHHO
pas3in4aeTcs: MIOTHOCTh BOBI C POCTOM TEMIEpaTyphl MajaeT, a INIOTHOCTh Napa pacTér H,
COOTBETCTBYIOIIUM 00pa3oM U3MEHSIOTCS JaBJI€HHE BOABI WK Tapa. Eciu npuHATh, 4TO pOCT
TEMIIEpPaTyphl 110 BOJO-MAPOIPOBOY HMPOMOPIHOHATICH PACCTOSIHUIO X, TO HAIEM, 4TO mpH
HEKOTOPOM X, JaBJIGHHWE Mapa M BOJABI MOXKET OBbITh YpaBHOBEIIEHO. Torjga 3TO 3HauEHUE
xp = Lo m onpenenut 3¢pGEKTUBHYIO JJIMHY BOAOIPOBOA, B IOTPAHUYHOW 00JIACTH KOTOPOM
OyIeT BO3HHKATh IMpoTeuka. Ecnu cnupans maponmpoBojAa MPEICTaBUTh TOPU30HTATBHBIM
yuacTkoM (cMm. puc. 1 6), a U3MCHEHHE TeMIlepaTypsl B Cpelde BTOPOTO KOHTypa
naporeHepaTopa anmnpoKCUMHPOBATh HEKOTOPOU JIMHEHHOM (pyHKIIMEH, 3aBUCAIICH OT X:

T(x) = T(0) + bw/L, °C, (1)

B kotopoit 7(0) = 170 °C, b, = 120 °C, a x yaosnetrBopsieT HepaBeHCTBY 0 < x < L;. [TockonbKy
pu(T(x)) siBIsieTCst CIOKHON (yYHKUMEH x, TO dp,/dx=(dp,/dT\dT/dx)=(dp,/dT)b,/L,) , @
ypaBHEHHE, OTHCHIBAIOIIEE TPOIIECC MEPEHOCa BOABI B BOAOMPOBOIE MOCTE PsIa HECTIOXKHBIX
npeoOpa3oBaHU, MOXKHO MPEACTABUTH B BUJIE:

b=l (VPG Sy @)
b\ 2P, |V v,

t B B

I7Ie, YUUTHIBass CBOMCTBO BOJIBI KaK HEC)KUMAEMOM JKHUJIKOCTU, €€ CKOPOCTh B KaXkJI0U TpyOKe
BOJIONIPOBO/IA IOJIaraTh MOCTOSIHHOM BEIMYMHOM V, , TpEACTaBIsIOLIEH CO00H CpenHIoN
CKOPOCTBIO IEPEHOCA BOJBI II0 BOJIONPOBOAY, ONPEAETISIEMYIO BBIPDAKEHHEM:

= 28,/ | (/L) [p.(T(x) x| = 2P, NG, | G)

rae G — k TeHepalus BOAbl (HarHeTaHUE BOABI MOA AaBieHueM (cM. puc. la) G = const.),
[kr/c], ompenmemsemas B Touke 7|  =7(0) Bbipaxenmem: G=S5 1/2pB(T0)Prp :

u(T) — CKOPOCTh MCIAPEHHs BOMBI HIIM CKOPOCTh IeHEpAIMy mapa, [Kr/m’c]; Sy = 21RoLo —
miomanab HCIapCHUA BO/BI. HpI/I OTOM TEMIICpaTypHad 3aBUCUMOCTH IINIOTHOCTH BOABLI B
napornpoBoe py(7) kak hyHKIUS X, OyAeT onpenensaTees Gopmynoit (1), HauanbHOE YCIOBHE,
ompenensoee Temrneparypy Boabl mpu x = 0, OyJeT COOTBETCTBOBAaTH TemIieparype eé
BXOJl1a B maporeHeparop (cM. puc. 1 a), a e€ mioTHOCTh ps(7) B BBIJIETIEHHOM TEMIIEPATYPHOM
JIara3oHe OMpeeuTCs 3aBUCUMOCTBIO, MPEICTABICHHON Ha pUCYHKE 2, IpHU TeMIepaType
Ty. B dopmyne (3) ps(7) B nuanazone temmeparyp 170 < 7 < 290 °C Oyner onpenensiThes
3aBHCHUMOCTBIO, TIPUBEACHHOW HA PUCYHKE 2, KOTOpas anmpOKCUMHpYETCs mapaldoon
po(T) = a-T*+ b-T+c, [xkr/M’] (a, b, ¢ — KO3DDULIHUEHTBI COOTBETCTBYIOLICH Pa3MEPHOCTH): C
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20 EJIOXUWH u np.

OTHOCUTENIbHOM morpemHocteio & = 1,16 %, a u3MeHeHue TemmepaTypbl ¢ pacCTOSIHUEM
x — hopmymoii (1).
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Pucynox 2 — 3aBucumocTs m1oTHOCTH Bozibl p(7) oT Temnepatypbl. O6nacTh KpUBOW MEXy METKaMH
anMpOKCHUMHUPYETCS C OTHOCUTEIBHON MorpemHocThio 6 = 1,16- 102 % napa0oJoii Buaa:
p(T)=-0,002315 -T°-0,39345-T+1033,79 [kr/™m’] [Dependence of water density g(T) on temperature. The area
of the curve between the marks is approximated with a relative error 8 = 1,16-10 % by a parabola of the form:
p(T) = —0,002315-7°-0,39345-T+1033,79 [kr/m’]]
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Pucynox 3 — 3aBHCHMOCTS CKOPOCTH UCIIAPEHHUS BOJASHOTO Hapa TUCTHUTUPOBAHHOM BOABI OT Temmeparypsl (1)
[Dependence of water vapor evaporation rate in distilled water on temperature (1)]
PesynbTartsl pacdera B obmactu 7 < 100 °C X0poIIo coryiacyroTcs ¢ JaHHBIMU dKCIIEpUMeHTa padoTsl 8],
(2) anmpokcumarus BeieaeHHON obOnactu Temneparyp 170 < T'< 290 °C napabooii: an72+lanT+c:rl
pu a, = —0,7921; b, = 401,0046; c, = —37083,2407 [The calculation results in the range of T < 100 °C are in
good agreement with the experimental data of [8], (2) approximation of the selected temperature range
170 <T <290 °C by a parabola: a,T°+b,T+c, npu a, = —0,7921; b, = 401,0046; ¢, = —37083,2407]

[TosToMy cpenHee 3HaueHHE IUIOTHOCTH, IIPEJCTABIEHHOE B  3HAaMEHATeNe
MOJKOPEHHOT 0 BhIpakeHHsI B (hopmyie (3), MOKHO MPEICTaBUTh B BUJIE:
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_ 1% , , | b
pB(Lo)TlpB(T(x))dw% 31, +3th0%+@ (2‘))2]5[2%@%}@ )

s s

rae a =-0,002315; b =-0,39345; ¢ = 1033,79.

Tabnmna 2 — 3HaueHne yAETHHOHN TEIUIOTH Mapoo0pa3oBaHms BOAK Kak (GyHKIHS Temmeparypsl [ Specific heat
of water vaporization as a function of temperature]

VY nenbHas TemiaoTa VY aenbHas Temiaora
° Temneparypa
Temneparypa °C napooOpa3oBaHUL oC napooOpa3oBaHUsL
A(T), MJTx/kr A(T), MJIx/kr
0 2,45 250 1,71
50 2,38 300 1,38
100 2,26 350 0,88
150 2,12 374 0
200 1,96 - -

3aBHCHMOCTH CKOPOCTH HCHAapeHHss Kak GyHKImH Temmeparypsl uy(T) Kr/m>-c,
onpezensonei B ypaBHeHUH (1) yMeHbIIIEHHE MacChl BOJBI WM €€ TUIOTHOCTH, B IMANa3oHe
temneparyp 29 < T < 100 °C npencrasieHa B padore [8]. B Oonee mmpokoM amuana3zoHe
3aBUCUMOCTb Uy(T) MokeT ObITh monydena mo ¢opmyne (5) Knanelipona-Knasuyca (puc. 3),
COrIacCHO KOoTopou pe3kuit cman uys7) B oONacTd BBICOKMX TEMIIEpaTyp OOYCIOBIICH
YMEHbIIIEHUEM yJeJIbHOW TeruioThl mapooOpazoBanus A(7), Takxke 3aBUCALICH OT
TeMIeparypsl (Tadi. 2):

R 1T,

0

o) (mon AT ©)

rae Ty — naganpHas Temneparypa. [lomnas 3asucumocts A(T) B quanazoHe TeMrepaTryp
0 < 7<374 °C npuBoauTtcs B Tabaure 2.

Pemenue ypaBHeHus (2) onpenensercs: BIpaKeHUEM:

(x)
L, ’NpB G SBT , ,
T)=—" | —=—T(x)—-—= TdT' 1+ C, 6
P (x ) bz 2Prp {VB (X) VB TZ[))MH( ) }+ ( )

rae nocrosgsaHas C OMPEACIIACTCA Y€PE3 HAYAJIbHOC YCJIOBHE, T.C. UCPE3 3HAYCHUC IINIOTHOCTH
BOJBI UJIK UCPEC3 napa60J11/Iqec1<yro 3aBUCUMOCTD INIOTHOCTU BOABI OT TCMIICPATYPhbL pB(T)I

L p, G
T,)-— | ——T(0)=C
0.(0)- 3 [ TO)=C

a JaBJICHUE BOJbI — BBIPAXKCHUCM!

P[1(x)]=p,[T(x)]¥; /2. (7)
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[TockonbKy IUIOTHOCTH Mapa SIBISETCS  CIOXKHOW  (pyHKIMeW Temmeparypsl,
00YCJIOBJICHHOW TEMIEPAaTypHOH 3aBUCHUMOCTBIO CKOpPOCTH HcmapeHus Boiabl uy(71), (5) u
CKOPOCTBIO IIepeHoca Iapa B naporpoBoje vy(7), KOTopble, B CBOIO OYepeldb, 3aBUCAT OT
KOOPJMHATHI X, TO pU (GOPMYIUPOBKE YpaBHEHHs MIEpeHOca Mapa B TPyOOIpoBo/ie MOCTYIHM
aQHAJIOTHYHBIM 00Pa30M, KaK M IIPU PEUICHUN YpaBHEHUS (2).

B kauecTBe OLIEHKH CKOPOCTH IepeHoca Mapa MOXKHO BOCIOJIb30BaThCs hopmynoit CeH-
Benana, ompenensomnieil UCTeYeHUEe rasa U3 pesepByapa B aTMocdepy Kak (yHKIHH €ro
TeMnepaTypsl U gaBienus [9, 10].

(L) =\ K/~ DRT (L) B, /B ] ®)

rae k — mocrosHHas aauabarThl BOASHOrO Tapa; R — rasosas mnocrosiaHas ([x/kr’K);
Ty(L) — Temneparypa napa Ha Beixoze u3 maponposoga (K); P, — arMocdepHoe JaBiIeHue;
P, — naBnenue mapa Ha BeIxoze u3 mapomnpoBozaa, MIla. Toraa, yauTsIBasi, YTO OTHOILCHHE
ykazaHHbix QyHkmuid O(7) = wuy(T)/ve(T) Tarxke 3aBUCHT OT Temreparypsl (cMm. puc. 4),
ypaBHEHHE NEpeHOCca Iapa B TPYOOIPOBO/IE MOXKHO 3aIHCaTh CICAYIOIIUM 00pa3oM:

d S L -L
L_ il s pn s (9)

ar )vn-b, (L,—Ly)-b,~

rae Sy — miomanas napooOpazoBanus (Sy ~ 2nRoLy); Tq = L/vy — BpeMs «KHU3HU» Mapa B
napornposojie’; L — jyiiHa maponposoja. TemneparypHas 3aBucuUMOcTb QyHKIM uy(7T), vi(T)
u ux otHowmeHuss O(7) = uy(T)/vy(T) B nuanazone 170 < T < 290 °C npuBeieHa Ha PUCYHKax
3,4 coorBercTBeHHO. HauambHOE YyCIOBHE ONpEAENSeTCS, HCXOIS U3  CIEAYIOMIHNX
COOOpaXKeHHIA.

3HaueHue IJIOTHOCTH Mapa B MOrpaHUYHOM oOnactu pn(Lo), T.e. mpu x = Ly, MOXKHO
HaAWTH, UCTIONB3YsI YCIOBHsI paBEHCTBA JIaBJICHH BOJBI U Mapa B 3TON 00JACTH MpHU 3a1aHHOM
TeMneparype, 1.e. P, =P

B

L L [TockonbKy naBiieHUE BOJBI ITPY HANAEHHON 3aBUCUMOCTH
-0 0

IUIOTHOCTH BOJIBI OT TEeMIIEpaTypbl U KOOPAMHATHI X, ONpEIENCHHO BbIpakeHHeM (7) To,
paccMarpuBas Iap Kak WICIbHBIA a3 M UCIONb3ys ypaBHeHue Knanelipona-Menneneesa,
HaWaEM, UTo:

xX=

; (10)

P [T (¥)]

=L,

rae v, =const., onpexneneHHas ¢opmynoit (3), 3aBucumocth 7(x) — BbIpakeHueM (1), a
ps[T(x)] — dopmynoii (7). IlpeHeOperas moTepsiMuH TeIJa B METAUIMYECKOH Tpyde
napornpoBoja, OyaeM moJjaraTh, YTO TEMIIEPaTypHOE paclipelielieHne B Mape MapoIpoBojia
Oymer ompenensaTees pacnpeneneHueM Buma (1), koTtopoe u  OyAeT ONpeAensaTh
TEMIIepaTypHYIO 3aBUCUMOCTb Tapa.

Oyukius  @(7)  Takke ~ MOXeT  ObITh  allpOKCUMHpOBaHa  napaboioit
o(7) = afT2 + b + ¢f ¢ OTHOCUTENILHOM MOIPEIIHOCTBIO TEMIEPATypHOI 3aBUCHUMOCTH B
MHTEPECYIOIIEM Hac AuanasoHe He Xyxke 1% (puc. 4), rae ar = —0,5524- 107 by =0,2717515;
¢, =—24,13 445.

* TIp1 IOHMKEHHUH TEMIIEPATYPhI BPEMsI JKU3HH Mapa GyeT ONpPeaeisAThCs BpEMEHEM, KOTOPOE HE0OXOAMMO TSl er0 KOHACHCALNH, T.C.
OyJeT 3aBHCETh OT TEMIIEPaTypPhI CPENb
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=]

oD = u (DYv (D), kr/™* _

=Y

160 200 240 280 320
Temmepatypa T, °C

Pucynox 4 — TemmeparypHast 3aBucumMocTsb oTHOIIeHUs GyHKImA ¢(7) = uy(T)/vy(T) (1), kxr/M3 1
anmpoKcuManus oTHoueHus napabdonoi (2) [Temperature dependence of the ratio of functions
o(T) = uy(1)/vi(T) (1), kg / m3 and approximation of the ratio by a parabola (2)]

[Tonobnas mporenypa MO3BOJIAET CYIIECTBEHHO YIPOCTUTH pelieHne ypaBHeHus (9) u
HAWTH JI0CTAaTOYHO MPOCTOE AaHATIMTUUECKOE BhIPAKEHHE JUIsl aHAJIN3a €r0 PELICHMS.

T° 2T 2 T 1] ¢ T> 2T, 2
ou, L “{T?*5]”?{‘“J*‘““{L_Z“T}X"[“@"T)]‘
p,(T)= ’ )

Ry(L, - L) ~b, {5 - Lz} exp[(x(TO - T)] i eXp[OL(TO - T)]
NTa a o

+p,(Ty Jexpla(7, - )}

. (D

rae o= Ly/[b(Ls— Lo)], a 3aBucumocts 7(x) onpenenena ¢popmyinoit (2) u To=T(x = Ly).

Takum obpaszom, ans x = Ly B COOTBETCTBUU C (HOpMYIIOH (2) U perieHueM ypaBHEHUS
(9) monydaeM BbIpa)KeHHE Ui 3HAYEHHS IJIOTHOCTH Tapa pn(Lo) B MOTpaHUYHON 00JIacTH,
YTO TO3BOJIAET 3amucaTb OKOHYATENbHOE ypaBHEHHE Juis IpaHudyHoro yciosus (10) u, B
KOHEYHOM WTOTre, HAWTH MCKOMOE 3HauyeHue napamerpa Lo, ONpeAesstoero KOOpAUHaATy X

BO3MOXKHOU TIPOTEUKHU B MAPONPOBOJIC MAPOTCHEPATOPA.

(1, +273)-L +b,-1, L [2P, "¢ , [P, G P,
Ro (L.)- s T I . T )T’ = . . . (12
pn( 0) L + Robt Nﬁa Iun( )d 2N[—)B T[R02 +N§B ps(l‘()) ( )

s T,

TemnepatypHas 3aBUcUMOCTb QYHKIMN Un(7T),vy(T) 1 ux otHOmEHUS O(T)= un(T)/vi(T)
B muanaszone 170 < 7<290 °C mpuBeaeHbl Ha pUCYHKaAX 3 M 4 COOTBETCTBEHHO.

e . L fa ) )1, b
u (T')dT’ =b T —”-[T(LO) +7(L,)-T, +T, ]+?“-[T(LO)+TO]+CH ]

Pemenne ypaBHenus (12) Haxonunu rpa@uuecKUM METOJIOM, CTpos TIpaduku
3aBucuMocTeit pynkiuii nesoit Uj(Ly) u npaBoit U,(Ly) ero yacteii (puc. 5), onpeaensieMbix

COOTBETCTBCHHO BBIPAXKCHUSAMMU

(T, +273)-L +b -L, L e
U,(L,)=p,(L,) R- 7 °+R0bt-,/2Prp/N§B~%[un(T)dT

s
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G P,
n Ur(LO): Prp/2N§B ) 2+ s -pB(LO)-
V R Np

N
S

— —_ ro
[\ (o) (=]
{ A S (OO N TR N S [T
N
Gy

U(Ly) s U(L)*10°, kr</m-c?
[o2e]
PRI [N SR T

0 —c & 1 & & 2 & 5 3 & & 8 & & 1 T
0 0.2 0.4 0.6 0.8 1
L, M
Pucynok 5 — PacueTHast 1yiHa BOJJHOTO yJacTKa B ITaporeHepaTrope BToporo kKoHtypa peakropa KJIT-40. Oynakuun Uj(L)

ans Ly =20 (1), 15 (2), 10 (3) M u U(Lo) = const (4); Py, = 6,4 Mna [Estimated length of the water section in the second loop
steam generator of the KLT-40 reactor. Functions U/(L) for L, = 20 (1), 15 (2), 10 (3) m 1 U/(L,) = const (4); Py, = 6.4 MPa]

3HavueHHE aKTUBHOCTH PAIMOAKTHBHOTO a30Ta 16y, COJIepKaIIerocs B MapoBoil ¢aze u
BBIXOJIIIEro Ha TypOuHy Qn(L), MOXKET OBITH OMpEENICHO MYTEM €€ M3MEepEeHUsl Ha BBIXOJIE
3a ONpeAeNEHHBIA MPOMEKYTOK BPEMEHH Ty, 32 KOTOPBIM ONPEAEISIOT M BBIXOJ Tapa miy
(Bomel). Torma ortnomenue Q(L)/my(L) = oy, ONpeAenuT pa3MepHbId KOIOUIHEHT oy
(Ku/kr), B 0OnacTu BeIXo/a rapa Ha TypOuHY, T.e. ipu x = L. [Ipu 3TOM 3HaUeHHE 0ObEMHON
AKTUBHOCTH PaJMOaKTHBOTO a30Ta 16 Ovwo (KI/I/M3 ) TOpuU ero TeHepaluu uepe3
MUKPOTPEIIMHBI, BO3HUKAIONIME B IMOTPAHUYHONH OOJACTH BOJA-Map MapomlpoBOja, OyIeT
OTIpeIeNAThC 00BEMHON aKTUBHOCTHIO B 00bEMe maporeHeparopa (cm. puc. 1). [Tockonbky
BenuunHa (yp TOXE HEW3BECTHa, TO OOIee TMPOU3BEACHUE MOITHOCTH «BOpOCay,
omnpenenseMoe GopMyIIon:

Py = Qv Gy,

. 3
rie Gy — CeKyHIHBIN pacxof «BOpocay [m’/c];

Qv — 0OBEMHas aKTHBHOCTH PaJMOAKTHBHOTO a3oTa [Km/M’], Gymer B obmem ciydae
IPECTaBIATh COO0M NCKOMYIO TIOCTOSTHHYIO Py,

1
B sTOoM ciyyae mepeHoC paJuOaKTUBHOTO a30Ta N B MaponpoBOIE MOXET OBITh
ONMCaH ypaBHEHHEM BHUA:

df;’ =P {n[x-(Lo-1,12)]-n[x=(Ly+1,/2)]}+ , (13)
+%[Pn (T)—‘lﬂf)z}aio}_lg'v

rae Lo — mimHa BOAOIPOBOJA.
B ypaBHenun (13) mnepBbli wieH B NpaBOM YacTH OMNMCBHIBAET TI'EHEPALIUIO
paauoOaKTUBHOIO a30Ta 16N g MOTPaHUYHON 00JacTH BoOAa-map MmMUpPUHON [, << Ly;
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N(x) — enuHuYHAs (QYHKIMS; BTOPOH — yOBUIb PaMOAKTHUBHOIO a30Ta, COJEPIKAIIErocs B
mape, 3a c4€T BbIHOCA I[IOCIIEHEr0 MO MNaponpoBOAY Ha TypOMHY, TpeTuil — YOBLIb
paguMOHYKIIWAa 3a CYET PaJMOAKTUBHOTO pacnaja azora "N ¢ mocrosHHOI pacnama A,
pelieHue KoToporo mnpu Ly < x < L; npuHUMAET BU/L:

0000~ { b= -1/l 1 2 (2 1) ot 2 [ B0 1 e (19

B KOTOPOM TeMIIEpaTypa 3aBUCHUT OT X B COOTBETCTBUU ¢ (popmyiioit (2), a moctostHHAs Qn(Lo)
NOJUIeKHUT onpenencHuro. [lpu HaiinenHON QyHKIIMM aKTUBHOCTH Hapa On(X, f) ¥ TUIOTHOCTH
napa, onpenensemoit hpopmyioii (11), erecoodpa3Ho yTOUYHUTE paHee BBEAEHHBIN MapamMeTp
Oy, KOTOpPBIH MOXHO TIOJYyYUTh IIpU BBIXOJE IIapa U3 I[apolpoBoja B TOUKE

x = Ly (Ty = Ty + b, 'C), uCKJItOYast MPOTEUYKY, MOCKOIBKY F;(x)eé[(lo +lw/2)£x£LS], B
MOMEHT BPEMEHH, COOTBETCTBYIOIUMII BBIXOLY Ilapa M3 HapoIpoBoja ! = T, = (LS —LO)/ v,
npu P, = 6,4 MITa, L,=20 M, Lo = 0,9063 m,k =1,303 u

() ()] |2 [, _2]"
T(L,)-T(L,) k-1 P

S n

=1,415-10° m/c. (15)

I

_ 2
v, ==
3

v.Va 2L,

n’n%N T )= olT )220
o] on) " i enan ), 0, ewl-r)
vom, (L~ L) V,-p.(T,) A Voro(T)

ol N

rze vy onpeaeneHa Gopmynoii (8), v, — CBOMM cpelHUM 3HadeHueM, py(7s) — hopmymoit (11),
Ly — pemenueM ypaBHeHus (12), a mocTosHHas A — MEpPUOAOM IoJIypacmnajga a3oTa
N % = 0,693/T,. U3 dbopmynsl (16) HaxomauMm BeIpakeHue i mapamerpa oy [Kwu/kr],
KOTOpPOE€ IMO3BOJISIET OINpPENeNUTh MCKOMOE 3HaueHHe akTHUBHOCTH a3ota (n(Lo) B
MOTPaHUYHON 00J1aCTH BOAA-TIap apOIPOBO/IA.

\711 Vn
Lr - LO

\2L,
/ Ro

_Pn(Ts) [I_GXP}S—MH)] , (17)

Oy = QN(LO)eXp(_ >"Tn) Vnpn(T:)+ (

| olT,

Benmuunny mapameTpa oy MOXKHO, HallpUMEp, OIEHUTh IyTEM H3MEPEHHUS MOIIHOCTH
JI03bI, CO37aBAaE€MOIl Y-U3JIy4eHHEM a30Ta N, u3 ee maremarmueckoro BBIpQXXCHHS HAlTH
00BbEMHYI0O aKTHMBHOCTh W Jlajiee HAaWTH yKazaHHbIe mapaMmeTpbl. C 3TOW IIeNbI0 HaiieMm
MOIIIHOCTh JI03bl Y-U3Iy4€HHUs a30Ta 6N NPy BBIXOJE Mapa B BO3AYIIHYIO Cpeny C
obpazoBanmem cdepuueckoro obOjaka amameTpoM [ = Vy'T;, TA€ Vo — CKOPOCTh
pacnpocTpaHeHUs Hapa B BO3[yXe, KOTOpas MO JaHHBIM HU3MEPEHHM COCTaBISIET OT 6 10
50 M/c; T; — BpeMs TPOXO’KICHUSI TIapa B MapompoBoe JMHON L = L;— Ly, OTIIeHKa KOTOPOTO
npu  mcronb3oBanuKM  popMynsl  (15) cocraBmser BemmumHy T, ~ 13107 c. Jlanee

* CKOpOCTH Mapa IPH €ro BBIXOJIE U3 MAPONPOBOJIA IPU yKA3aHHBIX HA PUCYHKE | 3HAYECHMSAX TEMIIEPATYPHI U JABJICHAH, COTIIACHO OIICHKAM,
cocrtaBisieT ~1512 m/c. Ilpu Takux CKOpOCTSX BBIXOZA Napa Ha pabovue JIONATKH TYpOMHBI pa3BUBanach Obl OUEHb BHICOKAs paauabHas
CKOPOCTh TYpOWHBI, 4TO MOBJEKIO OBl 3HAYMTENBHBIH POCT IEHTPOOEKHOH CHIIBI, KOTOpas Obl NpHBENa K KOJOCCAITBHOMY POCTY
HAMpPSOKCHUI B IUCKE TYpOMHBI M 0COOGHHO PabOdYMX JIOMATKaX, YTO MPUBEIO ObI K MPEBBIIICHUIO JOMYCTHMbIX HATPSDKCHUIT YKa3aHHBIX
KOHCTPYKIMI ¥, KaK CICACTBHE, K MX Pa3pyLICHUIO. DTH BO3MOXKHBIE 3(P(HEKTH M MPUBOAAT K HEOOXOJUMOCTH CHIDKCHHIO JABICHHS U
TEMIIEpaTyphl 1apa, MyTeM HUCII0JIb30BAHUS COOTBETCTBYIOIMX TeXHUYeCKUX pemenuid. Duepreruka. TOC u ADC. Ilaposast Typouna Beé o
TenJI0BOii 1 aTOMHOIi YHepreTuke. https://tesiaes.ru/?p=8414
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BOCTIONIb3YeMcs  (pOpMyIJIOi MOIIHOCTH J03bI OT BHUPTYAJIbHOTO IIAPOBOTO HCTOYHHKA C
PaBHOMEPHO pacHpeesIeHHbBIMH 10 00BbEMY H30TPONMHBIMH TOYEYHBIMU HCTOYHUKAMHU C
YAEIBHONW aKTUBHOCTBIO Ku/M® 6e3 ydeTa MHOI'OKPAaTHOT'O paccesiHusl IpU yclIoBuu pr << 1,

U — KO3pGUIMEHT JHMHEWHOTO ociabiieHus Y-u3inydeHus; r = [/2 — pamuyc cdepsl
D'y = 2nK,QW(L)-l [11], tne D'y — u3Mmepsiemas BeJMUMHA MOIIHOCTH 103bl (M3B/4) B
BBIICICHHOM  cepudeckoM  oObeMe  paaMoakTHBHOro  mapa Vg = nl’/6;

K, = 14,652 [M313~M2/q~K1/1] — Y-IIOCTOSIHHAsA a30Ta 15N, [12], OW(L) — BupTyanbHasi oObeMHAas
AKTUBHOCTb PAJMOHYKIMAA N (KI/I/M3) Ha BBIXOJE W3 NApOIpPOBOJA, BO3HUKAIOLIAS 3a
YKa3aHHBIM MPOMEXYTOK BPEMEHH Ty, ONpEAesieMas OTHOLUIECHUEM: QV(L):D;f /27rKy-l .

Vcnons3ys pemenne (11), Haxoqum 3Hadenue mwiotHocTH napa (py(L) = 509,87 kr/m’), a ero
MacCcy Ha BBIXOJE W3 IMapompoBoja B TOYKe Xx = L ompemenwMm — Kak
my(L) = Vypu(L) = TRe*L-pu(L), (my(L) = 10,905 xr). IIpu stom mapamerp oy (Ku/kr),
OLIGHKY KOTOpOTO TMOJyYWJId Ha OCHOBE HM3MEPEHHH MOIIHOCTH JO03bl, CO3[aBacMOil Y-
M3TydeHHeM a30Ta '°N, HaXOIIIIMCS B 06JIAKe Napa, IPHHAMACT BUL:

oy =0Q, (L)-V, [m,(L)=Dl,-I* /(120K -R; - L-p, (L)). (18)

Ecnu npussTh, 4TO B pe3ynbTaTe MPOTEUKH, PAAMOAKTHUBHBINA Map, BBIXOIALIMM U3
[apolpoBOAA, CO3/a€T MOIIMHOCTb JO03bl CPAaBHUMYIO C pPaJUallMOHHBIM (DOHOM peakTopa
500 MxP/4, TO mpH 3aJjaHHBIX OCTAJIBHBIX IapameTpax u vy = 50 M/c, BEIUYMHA Oy COCTaBUT
1,102:10° Ku/kr u nuHEHHO OyJeT BO3PACTATh HIIM YMEHBIIATHCS B COOTBETCTBHH C
MOIIHOCTBbIO peakTopa. OLEeHKy Macchl IMapa, BBIXOIAIIErO0 M3 IapoNpOBOJA, MOYKHO
HOJIy4UTh U M3 JIPYIUX COOOpaKeHWH, onpesenss 3Ty BEIMYMHY KaK CPEIHIOI Maccy i,

o — 2 —
Inapa €o Cpe€aHeHu INIOTHOCTBIO P, U 00BEMOM Ry V, "Tp, BBIXOIAIIETO U3 MaporpoBoJa 3a

BpeMs T, CO cpeaHel ckopocTbio V, = 1415 m/c. B sToM cimyyae mMacca mapa COCTaBUT

6,976 kr, a BeIWYMHA Oy YBEIUYHUTCA IO 1,723-10° Ku/xr, T.e. 3¢ deKTUBHOE 3HAUEHHE
napameTpa oy OyJIeT HaXOJIUTCS B JUAINA30HE 1,1-10'6-1,7-10'6 Ku/kr. Takum obGpazom, 1o
onpezaeneHHoi ¢opmynoit (18) Bemuunne oy, U3 Gopmynsl (17) MOKHO HAWTH aKTUBHOCTh
azota N B morpaHu4Hoi obmactu maponpoBona Qn(Lo), cpeaHee 3HaYeHHE KOTOPOMl mpu
3aJaHHBIX  mapamerpax  coctaBuT  1,728:10° Ku, a  oObeMHAas ~ aKTHBHOCTb
Ow(Lo) = On(Lo)/nRy* L, = 0,55 Ku/nr'.

C}DaBHI/IBaH U3MEPEHHYIO BEJIMYMHY MOIIHOCTH JO03bI, CO3/1aBA€MOH Y-U3Iy4EHHEM
asora N B HEKOoTOopol Touke P(xo, Yo, Z0) Ha BBIXOJE Napa Ha TypOuHy, H, €€
MaTeMaTHYeCKOe BbIpakeHue, omnpenensemoe Gopmynoil (19), HaliieM MCKOMYIO BETUYHUHY
NPOTEUKH Py:

DI’V (L’ L/vn) = KEy,NVN (EV,N )Ha ’ (ﬁnap /psow )Sn [:r QV ()C,t) exp[_ “ ‘ (ﬁnﬂp /p50311 Xx — LO)]

: dx, (19)
Ly—1,, /2 (x_ Lo) *

e Ov(x, 1) = On(x, H/TRYCL, a Onx, 1) omnpezaeneHa ¢opmynoit (14), a MHOXHUTETH
(ﬁﬂap /psm); P :( J' - pn(x)dx) / L. 1pu Kod(ddunmenTax JMHEHHOro ocnabieHus W U
0

nepeaayn SHepruu |, B Gopmyne (19) yuuTbiBaeT 0COOEHHOCTH IepeHoca Y-U3NydeHUs B
nape, B MOMEHT BPEMEHH €r0 IIPOXOXKIECHUS 110 aponpoBoay Ty = L/ v, .

PB = {[Dzlv (L’L/Vn)'(l’x _l‘()):|/|:KENVN (EN)”'a ’(5nap/psozu)sn:|_(32 XAz +Bs XAs )}/(Bl Al)’ (20)
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TAC 4 = {_ exp[li(/l;/z)] + aEi[a(lw/Z)]— W +ak [— al, /2]} ;
A = {exp[(a_ jb/le/ 2N, (0 ) Eil(a+b)L, /2)]- e"p[‘(z”’)” +(a+b)E [(a+b)L]

foplel 2], o o ekt o [1e(nm)],
A3—{Tr/2+aEl[a(lw/2)] . aEl[aL]}, Bl—{ N TRL },

3, {v - el s, ”[m(f)—am%}}; B, =0, (1, )/ aR: L} expl- 1 1/5).

"hmRL(L, - L) !

C npyroit cTopoHsl P, MOXKET OBITH ompeesieHo dhopmysioi [13]:
PB:QV .GNJ (21)

rae Gy = 2nRol,, Ur — CeKyHAHBIN pacxo] «BOpocay [M3/C];

Qv — o0béMHasi aKTUBHOCTh DPAJMOHYKIHWIA, B YaCTHOCTH, PaJMOAKTUBHOTO a30Ta
[Ku/M]. Cexynnnbiii pacxon Gy «BOpoca» paarOaKTHUBHOTO a30Ta N B napoByi (asy B
MOTPAaHUYHOM 00JIaCTH BOJa-nap MpeAcTaBiseT co00i MPOU3BEACHHE IO TOTPAHUYHON
obnactu naponpoBoaa Sy = 2nRl,,, tae l,,= ALy— mMpuHa MOTpaHUYHON 001acTH Bona-nap*
(water-vapour region) (Tabu. 3), Ha CKOPOCTh BBIXOJla PAAHOAKTUBHOTO a30Ta U3 TpemuH U,
SABJISIOIIENCA HCKOMOM BEJIMYMHOM.

Tabnuma 3 — JlmiHa BOIHOTO ydacTka maporeHepaTtopa Ly, M [Length of the steam generator water section Ly, m]

P, MIla 6,24 6,4 6.56
10 0,7534 0.7636 0,7739
L, ™M
20 0,8944 0,9063 09124
MakcruManbHasi pa3HOCTh «X0Ja» BOJbI B Bojonaponposoe ALy, M
10 0,0205
L, ™M
20 0,024

W3 Beipaxenus (21) npu HaiineHHOM Qy(L() HETPYAHO HAMTH 3HAUEHUE CEKYHIHOIO
pacxoga (Gy = 2nRol,U;) umm ckopocTH «BOpoca» U, palnOaKTUBHOIO a30Ta N, w3
MEepPBOTO KOHTypa B mapomnpoBoa BToporo. Ilpu Bbrumciennn napamerpa P, MIHUpUHY
MPOTEYKH /,,, KaK YKa3bIBAJIOCh paHee, HaXOAST MO Pa3HOCTU «X0/1a» BoAbl ALj, UCTIONb3YS
MOKa3aHUs pacXxooMepa Uiu MaHOMeTlpa (cM. pe3ynbTaThl pacueToB B Tabl. 3), a HAYAIBHYIO
00beMHYI0 aKTHBHOCTH Qy(Lo) azora N, B o6uactu ero reHepanuu — mo gopmymnam (17),
(18) mpu omenke mapamerpa oy. PacdeTHble OIlEHKM MOIIHOCTH «BOpoca» P, B pamkax
paccMaTpuBaeMO MOJENH JAAal0T BEIUYUHY Py = 210" Kw/c. Torma npu  00beMHON
AKTUBHOCTH obnacTtu nporedku Qv(Ly) paBHoii 0,55 Ku/nm® CEKYHJIHBII pacxoj Wi «BOpPOCH
paZMoOaKkTUBHOTO  a30Ta B  [OTPAaHUYHYIO  O0JIacTh  MaporeHeparopa  COCTAaBUT
Gy = P/OWLo) —3,64:10* v’/c, a U, = 0,116 m/c.

[Ipeanonaras, aHanoru4do padore [1], TMHEIHYIO 3aBUCUMOCTh 00bEMHON aKTHBHOCTH
IIPOTEYKH a30Ta N or mommoctu peakTopa, OTMETHUM, YTO pe3yJbTaThl H3MEpPEHUM
MOIIHOCTH J03bI D'y, co31aBaeMOi pPaJMOAKTHBHBIM a30TOM Y MPU €ro BBIXOJE Ha

* EclM BOJ0-IApOIIPOBOJL H3TOTOBJIEH B BHJIE CIUPAIH PAIHyCOM R, ¢ IaroM h,, TO IpHU JUIKHE HOFpaHI/I‘IHO%
obnmactu Boma-map paBHOU ALy, miomamb 3TOH o0jacTH S, ompeaenutcs BbipaxkeHueM: S.. = (ALy/h,) 4T
Rey(RiytR)/2, The Rin,Rex — BHYTPEHHHU ¥ BHEIIHUHN PaJNyChl TPYOKH BOJIO-ITIAPOIPOBOJIA COOTBETCTBEHHO.
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TypOuHy, Takke OyAayT o0siafiaTh yKa3aHHBIM CBOIMCTBOM, a IOTOMY 3TUM CBOMCTBOM OyjeT
o0yanaTh U HalACHHBIN TapameTp Ps.

ITockonbKy HM3MepeHHE MOLIHOCTH 103kl D'y, cO31aBaeMOM paJuOaKTUBHBIM a30TOM
"N npu ero Beixome Ha TypOMHY, ABIACTCS OAHOH M3 KIIOUEBBIX MPOLEAYDP NPH OLEHKE
IPOTEYKH, 3TU MU3MEPEHUsI HEOOXOAUMO MPOBOJUTH, UCIIONb3Yys JNETEKTOPBI Y-HU3JIydEHUs C
BBICOKMM TEMIIEpaTypHbIM JAMANla30HOM HX paboTel [14], YTO MO3BOJUT YMEHBUIUTH
NOTPEIIHOCTh W3MEPEHHUS] YKa3aHHOM BEJIMYMHBI M, B KOHEYHOM HTOrEe, MOILHOCTHU
«BOpocay Ps.

Taxum 06pa3zom, IPOBOJIS U3MEPEHUSI MOLITHOCTH JJO3bI IIPU BBIXOJIE TTapa Ha TypOuHy U
M3Mepss B TOH TOUKe 00BEMHYI0 aKTHBHOCTH '°N M Maccy Hapa 3a BPeMs IPOXOXICHHS Ty
[0 TAapoNpoOBOJY, OMNpENeNsis NIMPUHY TNOrpaHUYHOW oOnacté [, — 1O TIOKa3aHUIO
pacxoJoMepa, a TaKKe JaBleHue, TeMIlepaTypy Mapa U BOJbl, HA OCHOBE IPEJI0KEHHON
MOJEIH M METOJa PACYeTa, MOXKHO OLCHHTb MPOTEUKy a30Ta '°N BO BTOPOil KOHTYp H3
TEepPBOTO, ONMPENEINTh BEIMUMHY BHIOPOCA PaAHOAKTHBHOTO azota N Ha TypbuHy mpu
10001 MOIITHOCTH PeaKTopa, MUHUMHU3UPOBATh MPOTEUKY MyTEM BBIOOPA COOTBETCTBYIOLINX
CIUIaBOB, HCIOJb3YEMBIX Ui MApONpPOBOJIOB B MapOreHeparope, W, HAKOHEL, pa3paboTarh
COOTBETCTBYIOIIME MEphl paguanMoHHOW Oe3omacHocTu [4]. PesymbTaThl pacyeTos,
IpeJCTaBiIeHHble B paboTe, MOTYT OBITh CYIIECTBEHHO YTOYHEHBI ITyT€M HCIOJIb30BAHUS
peaIbHBIX PE3YyJIbTATOB HM3MEPEHUN, KOTOpPHIE, B CBOIO OYEpelb, TPEOYIOT MPOBEICHUS
SKCHEPUMEHTAJIbHBIX HCCIIEOBAaHUM, 3aTpaThl Ha KOTOpBIE IOJHOCTHIO ceOs OMpaBaloT,
onpezenss yciaoBus padoT 0e30macHBbIX ¢ TOYKU 3PEHMS CHELHUAINCTOB, KOHTPOIUPYIOIIUX
BBIIIOJIHEHHE HOpPM  paguanuoHHoil OesomacHoctu (HPB) w©a npeanpustusx wu
COOTBETCTBYIOILIEM TPAHCIIOPTE, IJI€ MCIOJB3YIOTCS MOJ0OHBIE peakTopbl. Pemienue 3toit
CJIIO)KHOM 3ajjaud aBTOpbl BHUIAT B OOBEIMHEHMH YCHIMH crHenuanuctoB MopduoTa,
3aHMMAIOIIMXCSl HENMOCPEACTBEHHOM akciutyaranueid peakropoB KJIT-40, cnennanucroB Kb
um. N.M. AdpukanToBa, HMEIOMMX TPOMATHBIA OMNBIT MO pPa3paboTKe TaKoro THIIA
PEaKkToOpoB, U aBTOPOB, MpeJaraloliuX yYHUKAJIbHYI0 METOJIMKY OLIEHKU MPOTEYKU U 00JIacTH
€€ BO3HMKHOBEHMsI Ha CIIMPAJIBHOM I1apONPOBOJIE, MIPEACTABICHHYIO B BUJIE NATEHTa U €r0
JlaTbHENIIEN peann3aiuu.

PesynpTatel  paboTbl  MOTYT MNpEACTaBIATH  HMHTEpEC JUIsl  MOJpa3JiesIeHuid,
3aHUMAIOIIUXCS TIpoOJeMaMu paauaIlMOHHON O€30MacCHOCTH Ha OOBEKTaX HCIOIb30BAHUS
aTOMHOW DHEPruM, MPOEKTHBIX OpraHU3allfil, 3aHUMAIOIUXCA pPa3pabOTKONW MPOEKTOB
naporesepatopos uist ADC U MIaBCPEICTB, UCIOJIB3YIOUINX MOI00HBIE AaTOMHBIE PEAKTOPBI.
B cuity 3HaYMMOCTH M aKTyaJlbHOCTH paboThl, 00YCIOBIEHHONH OOHOBJIEHUEM JIEIOKOIHLHOTO
¢nota Poccuu, aBTOpbI HaXOAT 11€7€CO00PA3HBIM MTPOBEIEHUS MOJEIBHBIX IKCIIEPUMEHTOB,
MO3BOJIAIOIINX YTOUHUTD PAJ TO3UMETPUUECKUX XaPAKTEPUCTHK, ONPEACIIAIOIUX PACUETHBIE
napaMeTpbl MOJIEIH.
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Abstract — The paper analyzes the leakage of the '®N; nitrogen radionuclide which occurs in the
Ist loop of the KLT-40 reactor which is used at marine transport facilities for various purposes
through the steam generator of the nuclear reactor into the second loop into which water is
supplied under pressure P, with a temperature 7, >> 100 °C. Radioactive nitrogen spreads in the
vapor phase and goes through a spiral steam line to the turbine under high pressure P, creating
unfavorable conditions from the point of view of radiation safety. The content of the specified
radionuclide in steam can be detected and evaluated by y--spectrometry and dosimetry methods, by
measuring the volumetric y-activity of steam and the dose rate of y--radiation when the steam
enters the turbine. The analysis of the observed leakage effect was carried out on the basis of using
a simple physical and mathematical model that takes into account the transfer of water, vapor
media and the transfer of radioactive nitrogen in the vapor phase, which made it possible to
indicate the cause and determine the area of leakage on the spiral steam pipeline, which was
determined from the condition of vapor equality and water pressures in steam line. The paper
specifies the main areas of the steam generator design allowing measurements of radiation
characteristics and the necessary instrumental equipment taking into account the physical
characteristics of the environments in which this equipment will operate in its readings.

Keywords: power reactor, radionuclide, steam generator, pressure, temperature, dose rate,
radiation safety.
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